Introduction
Gamma-aminobutynic acid (GABA) is an amino acid which is widely distributed in endocrine organs, including ovary, adrenal gland, and the pancreatic islets of Langerhans (2, 7, 8, 10, 17) . The islet organ has a concentration of GABA comparable to that reported in the central nervous system, and this amino acid has been immunohistochemically co-localized with insulin in islet B-cells (4, 6, 16, 17, 20) . The function of GABA in the B-cells is unclear, although it has been proposed that it may be utilized as an energy source via the GABA shunt pathway or as a promotor of insulin biosynthesis (22, 26) . Alternatively, this amino acid may act as an endocrine modulator ofsomatostatin release from the islet D-cell (18, 19 Figure  1A) . Images of islets positively stained with the GAD antiserum were again arbitrarily assigned the color red and superimposed with the green image generated by re-staining the same 5cction with the glucagon antiserum. Superimposition ofthese images did not result in generation ofa third color. Immunoreactive GAD was visible only in the B-cells located in the medullary core of the islet. In contrast, immunoreactive glucagon (green) was visible only in the peripheral A-cells ofthe same islet and not co-localized with GAD ( Figure  1B) . Similarly, images of islets positively stained with the GAD antiserum were superimposed with images of the same islet re-stained with the somatostatin antiserum (assigned the color blue). As with glucagon, superimposition of these images did not result in generation of a third color. Immunoreactive GAD (red) was present in the medullary core ofthe islet, whereas immunoreactive somatostatin (blue) was present in the peripheral D-cells and was not co-localized with GAD ( Figure  1C ).
Control studies in serial sections ofthe same islet, in which normal sheep serum was substituted for the sheep antiserum to GAD, resulted in absence of immunofluorescence ( Figure  2 ).
Electron Microscopic Immunohistochemistry
Ultrastructural examination of GAD immunoreactivity in many tissue sections from several experiments consistently revealed it to be localized in the extragranular compartment of the islet B-cell. To present our findings more clearly, serial sections of the same islet were stained with the insulin or the GAD antiserum.
The insulin immunoreactivity was associated with the granular compartment ( Figure  3B ), and GAD immunoreactivity was associated with the extragranular compartment in the same B-cell ( Figure  3A ). Control experiments of serial sections of the same B-cell contaming many ofthe same granules revealed absence oflabeling when normal sheep serum was substituted for the sheep anti-GAD serum ( Figure  4) .
The present study made use of a computerized image processing system to demonstrate co-localization of GAD and insulin in islet B-cells. GAD immunoreactivity was not co-localized with either glucagon or somatostatin. Ultrastructurally, GAD immunoreactivity was localized in the extragranular cytoplasmic compartment of the the color red)to be co-localized with insulin(green). Cells containing co-localized GAD and insulin are yellow. Note lack of staining in peripheral islet cells. (B). Figure 1 . Digital computerized image analysis representing GAD, insulin, gluca-Images of the same islet immunostained for GAD (red), eluted and re-stained gon, and somatostatin immunoreactivity. Utilizing the elution/re-staining tech-for glucagon (green), illustrating that GAD is not co-localized with glucagon. nique and a digital computerized image processing system, pairs of images (C) Image of a single islet which represents the superimposition of that islet derived from single sections, initially immunostained for GAD and then eluted stained first for GAD (red), eluted and re-stained for somatostatin (blue). The and re-stained for one of the islet peptides, were aligned and superimposed. absence of magenta-colored cells demonstrates that GAD is not co-localized (A) Superimposition of two images of the same islet reveals GAD (assigned with somatostatin.
Final magnification x 475. map the localization ofGABA (9, 14, 25, 28, 29) . In these tissues, GAD immunoreactivity was localized in the secretory vesicles of neuron terminals.
These results have been regarded as evidence to support the hypothesis that those neurons contain GABA as their neurotransmitter (9, 14, 25, 28, 29 .;. a . .. . .
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